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(57) ABSTRACT 

A cluster system based on a parallel computing framework 
is provided, and the cluster system includes a host node 
configured to execute a host program for a parallel comput 
ing framework and a computing node configured to be 
connected to the host node and execute a kernel program for 
the parallel computing frame work. 
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CLUSTER SYSTEM BASED ON PARALLEL 
COMPUTING FRAMEWORK, AND HOST 
NODE, COMPUTING NODE AND METHOD 
FOR EXECUTING APPLICATION THEREN 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit under 35 U.S.C. S 119 
(a) of Korean Patent Application No. 10-2012-0001690, 
filed on Jan. 5, 2012, the entire disclosure of which is 
incorporated herein by reference for all purposes. 

BACKGROUND 

1. Field 
The following description relates to a technology of a 

parallel computing framework. 
2. Description of the Related Art 
Parallel computing refers to a form of computation in 

which many calculations are carried out simultaneously, 
operating on the principle that large problems can often be 
divided into smaller ones, which are then solved concur 
rently. There are several different forms of parallel comput 
ing: bit-level, instruction level, data, and task parallelism. 
Parallelism has been employed for many years, mainly in 
high-performance computing, but interest in it has grown 
lately due to the physical constraints preventing frequency 
Scaling. As power consumption by computers has become a 
concern in recent years, parallel computing has become the 
dominant paradigm in computer architecture, mainly in the 
form of multicore processors. 
A typical framework for parallel computers is OpenCL. 

OpenCL is a framework for writing programs that execute 
across heterogeneous platforms consisting of Central Pro 
cessing Units (CPUs), Graphics Processing Units (GPUs), 
and other processors. OpenCL includes a language base on 
C99 for wiring kernels and Application Programming Inter 
faces (APIs) that are used to define and then control the 
platforms. OpenCL provides parallel computing using task 
based and data-based parallelism. 

Generally, OpenCL operates in a single node system, not 
in a cluster system which is nowadays widely used. Hence, 
if a user wants to write an application for OpenCL, the user 
has to use a message programming library to access a 
network. Such inconvenience makes it difficult to write an 
application. On top of that, even though the user adds a code 
for OpenCL on his own, OpenCL may not operate in a single 
node system. 

SUMMARY 

The following descriptions relate to a cluster system, a 
host node, a computing node, and a method for executing an 
application, all of which help a parallel computing frame 
work to be executed efficiently. 

In one general aspect of the present invention, a cluster 
system based on a parallel computing framework is pro 
vided, and the cluster system includes a host node config 
ured to execute a host program for a parallel computing 
framework; and a computing node configured to be con 
nected to the host node via a network and execute a kernel 
program for the parallel computing framework. The host 
node may generate a request message to request execution of 
a command related to the kernel program, and transmit the 
generated request message to the computing node via the 
network. The host node and the computing node may 
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2 
generate a network message and execute an application 
consisting of a host program and a kernel program while 
exchanging the generated network message. 

In another general aspect of the present invention, a host 
node in a cluster system based on a parallel computing 
framework is provided, and the host node includes a host 
thread configured to execute a host program for a parallel 
computing framework and insert a command related to a 
kernel program in a command-queue which corresponds to 
a remote computing module capable of executing the kernel 
program for the parallel computing framework; and a com 
mand scheduler configured to select a command to be 
executed by Scheduling the command-queue, generate a 
request message to request execution of the selected com 
mand and transmit the request message to a computing node 
via a network. 

In another general aspect of the present invention, a 
computing node in a cluster system based on a parallel 
computing framework is provided, and the computing node 
includes one or more computing module; a command han 
dler configured to receive a request message indicating a 
request for execution of a command related to a kernel 
program for a parallel computing framework from a remote 
host node which executes a host program, in response to the 
request message, generate a command object, and insert the 
generated command object in a ready-queue corresponding 
to the one or more computing modules; and a module thread 
configured to execute the command using the command 
object inserted in the ready-queue and the computing mod 
ules. 

In another general aspect of the present invention, a 
method for executing an application in a cluster system 
based on a parallel computing network is provided, and the 
method includes, in a host node, inserting a command 
related to a kernel program for a parallel computing frame 
work in a command-queue corresponding to a remote com 
puting module which executes the kernel program; in the 
host node, selecting a command to be executed by sched 
uling the command-queue, generating a request message to 
request execution of the selected command, and transmitting 
the request message to a computing node; in a computing 
node, receiving the request message via a network, in 
response to the request message, generating a command 
object, and inserting the generated command object in a 
ready-queue corresponding to the one or more computing 
modules; in the computing node, executing the command 
using the command object inserted in the ready-queues and 
the computing module; and in the computing node, gener 
ating a completion message to notify that execution of the 
command has been completed, and transmitting the gener 
ated completion message to the host node via the network. 

Other features and aspects will be apparent from the 
following detailed description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a configuration of a cluster 
system for a parallel computing framework according to an 
exemplary embodiment of the present invention; 

FIG. 2 is a diagram illustrating configurations of a host 
node and a computing node in a cluster system according to 
an exemplary embodiment of the present invention; and 

FIG. 3 is a diagram illustrating a method for executing an 
application for a parallel computing framework according to 
an exemplary embodiment of the present invention. 

Throughout the drawings and the detailed description, 
unless otherwise described, the same drawing reference 
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numerals will be understood to refer to the same elements, 
features, and structures. The relative size and depiction of 
these elements may be exaggerated for clarity, illustration, 
and convenience. 

DETAILED DESCRIPTION 

The following description is provided to assist the reader 
in gaining a comprehensive understanding of the methods, 
apparatuses, and/or systems described herein. Accordingly, 
various changes, modifications, and equivalents of the meth 
ods, apparatuses, and/or systems described herein will Sug 
gest themselves to those of ordinary skill in the art. Also, 
descriptions of well-known functions and constructions may 
be omitted for increased clarity and conciseness. 

FIG. 1 is a diagram illustrating a configuration of a cluster 
system according to an exemplary embodiment of the pres 
ent invention. 

Referring to FIG. 1, a cluster system 100 according to an 
exemplary embodiment of the present invention includes a 
host node 101 and a plurality of computing nodes 102a, 
102b, ..., 102n. The host node 101 is connected to each of 
the computing nodes 102a, 102b. . . . , 102n via a network 
103. The network 103 may be wired or wireless. The host 
node 101 and each of the computing nodes 102a, 
102b, ..., 102n are able to exchange information with each 
other using a network message. The network message may 
a LAN packet, an IPv4 packet, an IPv6 packet and the like. 
The cluster system 100 consists of parallel computing 

frameworks. That is, a parallel computing framework 
according to an exemplary embodiment of the present 
invention is able to operate in the cluster system 100. The 
parallel computing framework for the cluster system 100 is 
may be OpenCL, OpenMP and CUDA. 
An application for the parallel computing framework in 

the cluster system 100 may consist of a host program and a 
kernel program. The host program may manage the kernel 
program to be executed, and data computing may be pro 
cessed in the kernel program. According to an exemplary 
embodiment of the present invention, the host program may 
be executed in the host node 101 and the kernel program 
may be executed in the computing nodes 102a, 102b. . . . . 
102n. 

The host node 101 executes a host program. The host node 
101 may manage execution of the kernel program by execut 
ing a host program of an application written using a parallel 
computing programming tool. For example, the host node 
101 is able to generate a request message to request execu 
tion of a command related to the kernel program, and 
transmit the generated request message to the computing 
nodes 102a, 102b, . . . , 102n via the network 103. 
The computing nodes 102a, 102b, ... , 102n execute the 

kernel program. In response to receiving the request mes 
sage indicating a request for execution of the command, a 
computing node (for example, the computing node 102a) 
executes the command, generates a completion message to 
notify that execution of the command has been completed, 
and transmits the generated completion message to the host 
node 101. 

FIG. 2 is a diagram illustrating a host node and a 
computing node in a cluster system according to an exem 
plary embodiment of the present invention. 
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4 
Referring to FIG. 2, a host node 220 may include a host 

thread 221, a command scheduler 222, command-queues 
223a-223f an issue-queue 224, and a completion-queue 
225. 
The host thread 221 executes a host program. 
The host thread 221 inserts a command in the command 

queue 223a-223f. The command-queues 223a-223f may 
respectively correspond to computing modules 241a, 241b, 
241c and 241d of the computing node 240. For example, the 
first command-queue 223 included in the first command 
queue group 226 is able to be mapped to the first computing 
module 241a included in the first computing node 240. A 
command may be one of various calculations related to a 
kernel program which is executed in the computing node 
240. That is, the host thread 221 may determine the com 
puting node 240 and a computing module (for example, the 
computing module 241) to execute a command, and insert 
the command in the determined computing node 240 and a 
command-queue (for example, the command-queue 223a) 
corresponding to the determined computing module 241a. 
The command scheduler 222 schedules the command 

queues 223a-223f. A scheduling algorithm may be round 
robin and others according to an application purpose. For 
example, the command Scheduler 222 is able to select a 
command to be executed according to a predetermined 
schedule algorithm and take out the selected command from 
the command-queues 223a-223f. 
The command scheduler 222 generates a request message 

using the selected command. A request message may be a 
message in the form of packet which is transmitted via a 
network and used to request execution of the selected 
command. For example, the command scheduler 222 may 
generate packet data with an address field and a command 
description using the computing node 240, which is mapped 
to a command-queue (for example, the command-queue 
223a) of the selected command, and a computing module 
(for example, the computing module 241a). 
The command scheduler 222 transmits the generated 

request message to the computing node 240 via a network 
260. 

According to an exemplary embodiment of the present 
invention, the command scheduler 222 may store a com 
mand corresponding to the transmitted request message in 
the issue-queue 224, and wait for a response from the 
computing node 240. If the computing node 240 notifies that 
execution of the command has been completed, the com 
mand Scheduler 222 may takes out the command stored in 
the issue-queue 224 and transfer the command to the 
completion-queue 225. 

In addition, referring to FIG. 2, the computing node 240 
may include a plurality of computing nodes 241a, 241b, 
241c and 241d, a command handler 242, a plurality of 
ready-queues 243a, 243b, 242c and 243d, and a plurality of 
module threads 244a, 244b, 244c and 244d. 
Each of the computing modules 241a, 241b, 241c and 

241d may be a device to calculate and process data, includ 
ing a CPU and a GPU. 
The command handler 242 receives a request message 

from the host node 220 via the network 260. 
In response to receiving the request message, the com 

mand handler 242 generates a command object and inserts 
the generated command object in the ready-queues 243a, 
342b. 243c and 243d. The ready-queues 243a, 342b, 243c 
and 243d respectively correspond to the computing nodes 
241a, 241b, 241c and 241d. Hence, if a command is deter 
mined to be executed in the first computing module 241a 
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according to the request message, a command object may be 
inserted in the ready-queue 243a corresponding to the first 
computing module 241a. 
The module threads 244a, 244b, 244c and 244d executes 

the command using the command object, which is inserted 
in the ready-queues 243a, 243b, 243c and 243d, and the 
computing modules 241a, 241b, 241c and 241d. For 
example, in the above example, the module thread 244a of 
the first computing module 241 a may take out the command 
object and help the command to be processed in the first 
computing module based on the command object. 

According to an exemplary embodiment of the present 
invention, if a command has been completely executed, the 
module threads 244a, 244b, 244c and 244d may insert the 
completed command in the completion-queue 245. 

According to another exemplary embodiment of the pres 
ent invention, using a command stored in the completion 
queue 245, the command handler 242 may generate a 
completion message to notify that execution of the com 
mand has been completed, and then transmit the generated 
completion message to the host node 220 via the network 
260. 

Each element illustrated in FIG. 2 may be an electric 
circuit, hardware or an application program which is able to 
be executed in a predetermined processor. In addition, the 
elements are merely examples logically divided according to 
functions, and the functions of the elements may be divided 
by a different criteria used in FIG. 2. That is, two or more 
functional units may be integrated, or one or more functional 
units may take over a function of another functional unit 

FIG. 3 is a diagram illustrating a method for executing a 
cluster system according to an exemplary embodiment of the 
present invention. 
The method of FIG. 3 is able to be applied to execute an 

application which is for a parallel computing framework in 
a cluster system of FIGS. 1 and 2. 

Referring to FIG. 3, in the method for executing an 
application according to an exemplary embodiment of the 
present invention, a host node inserts a command related to 
a kernel program for a parallel computing framework in a 
command-queue corresponding to a remote computing mod 
ule which executes the kernel program in 301. 

Next, the host node selects a command to be executed by 
scheduling the command-queue, and generates a request 
message to request execution of the selected command in 
3O2. 

Next, the host node transmits the request message to a 
computing node via a network in 303. 

Meanwhile, the host node stores the command in the 
issue-queue in 304. 

In response to receiving the request message, the com 
puting node generates a command object and inserts the 
generated command object in a ready-queue corresponding 
to one or more computing modules in 305. 

In addition, the computing node executes the command 
using the command object inserted in the ready-queue and 
the computing module 306. 
When execution of the command has been completed, the 

computing node generates a completion message to notify 
execution of the command has been completed in 307, and 
transmits the generated completion message to the host node 
via the network in 308. 

In response to receiving the completion message, the host 
node deletes the command stored in the issue-queue in 309. 
For example, the host node is able to transfer the command 
from the issue-queue to a completion-queue. 
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6 
As described in the above exemplary embodiments of the 

present invention, an application of a parallel computing 
programming model is executed while a host node and a 
computing node in a cluster system execute are exchanging 
messages with each other. Due to this feature, a user does not 
need to add a code, Such as Message Passing Interface 
(MPI), to an application on his own, so that the number of 
application bugs may reduce, the productivity of a program 
mer may improve, and the portability of a parallel comput 
ing framework may be enhanced. 

Meanwhile, the exemplary embodiments of the present 
invention may be realized using computer-readable codes in 
a computer-readable recording medium. The computer-read 
able recording medium includes all types of recording 
devices which stores computer-system readable data. 

Examples of the computer-readable recording medium 
includes a Read Only Memory (ROM), a Random Access 
Memory (RAM), a CD-ROM, a magnetic tape, a floppy disk 
and an optical data storage device, and the computer read 
able recording medium may be realized in a carrier wave 
form (for example, transition via the Internet). In addition, 
the computer-readable recording medium is distributed in a 
computer system connected via a network so that computer 
readable codes are stored and executed in an distributed 
manner. In addition, functional programs, codes and code 
segments used to embody the present invention may be 
easily anticipated by programmers in the technical field of 
the present invention. 
A number of examples have been described above. Nev 

ertheless, it should be understood that various modifications 
may be made. For example, suitable results may be achieved 
if the described techniques are performed in a different order 
and/or if components in a described system, architecture, 
device, or circuit are combined in a different manner and/or 
replaced or Supplemented by other components or their 
equivalents. Accordingly, other implementations are within 
the scope of the following claims. 

What is claimed is: 
1. A cluster system based on a parallel computing frame 

work, the cluster system comprising: 
a host node configured to execute a host program for a 

parallel computing framework; and 
a computing node configured to be connected to the host 

node via a network and execute a kernel program for 
the parallel computing framework, 

wherein the host node comprising a processor configured 
to execute a host thread, 

wherein the host thread is configured to execute a host 
program for a parallel computing framework and to 
insert a command related to a kernel program in a 
command-queue which corresponds to a remote com 
puting module capable of executing the kernel program 
or the parallel computing framework and a command 
Scheduler configured to select a command to be 
executed by scheduling the command-queue, generate 
a request message to request execution of the selected 
command and transmit the request message to a com 
puting node via a network, 

wherein the command scheduler, in response to receiving 
the request message, stores the selected command in an 
issue-queue, and, in response to receiving from the 
computing mode a completion message to notify that 
execution of the command has been completed, deletes 
the command stored in the issue-queue, and 

wherein the computing node comprises one or more 
computing modules to execute the kernel program. 
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2. The cluster system of claim 1, wherein the host node 
generates a request message to request execution of a 
command related to the kernel program, and transmits the 
generated request message to the computing node via the 
network. 

3. The cluster system of claim 2, wherein the computing 
node execute the command in response to the request 
message, generates a completion message to notify execu 
tion of the command is completed, and transmit the gener 
ated completion message to the host node via the network. 

4. The cluster system of claim 1, wherein the host node 
comprises one or more command-queues respectively cor 
responding to the one or more computing modules. 

5. The host node of claim 1, wherein, in the case of where 
a number of computing modules are provided, one or more 
command-queues are formed corresponding to the number 
of computing modules. 

6. The computing node of claim 1, the computing node 
further comprising: 
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8 
a command handler processor configured to receive a 

request message indicating a request for execution of a 
command related to a kernel program for a parallel 
computing framework from a remote host node which 
executes a host program, in response to the request 
message, generate a command object, and insert the 
generated command object in a ready-queue corre 
sponding to the computing modules; and 

a module thread processor configured to execute the 
command using the command object inserted in the 
ready-queue and the computing modules. 

7. The computing node of claim 6, wherein, when execu 
tion of the command has been completed, the command 
handler generates a completion message to notify that 
execution of the command has been completed, and trans 
mits the generated completion message to the remote host 
node via the network. 

k k k k k 


